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List of Tables and Figures
Catalysts 1, 2, 3, and 4 are commercially available and were used as received. 5 2 and 6 3 were prepared according to the literature procedure.
Productive TONs were measured using an Agilent 6850 Network GC equipped with a HP-1 column (L = 30 m, I.D. = 0.32 mm, Film = 0.25 µm). Response factors were calculated for all compounds prior to determining conversion. Degenerate TONs were measured with an Agilent 6200 Series TOF LC/MS equipped with an Agilent 1200 series HLPC stack using a 100% MeCN Direct Inject method. Synthesis of 7. S1 4 (91 mg, 0.41 mmol), methyl tosylate (92 mg, 0.49 mmol), PTSA·H 2 O (4 mg, 0.02 mmol), CH(OEt) 3 (0.9 mL), and toluene (0.9 mL) were placed in a 20 mL scintillation vial and sealed under air using a teflon cap. The sealed vial was heated to 110 °C for 14 h and then allowed to cool to RT. Et 2 O was added to precipitate the product and the solution was stirred for 2 h after which the solvent was decanted off and the remaining solid dried under vacuum. The crude product (280 mg, 0.67 mmol) was dissolved in dry CHCl 3 (10 mL) in a Schlenk flash and S3 95% NaH (97 mg, 4.0 mmol) was added in portions. The flask was sealed and heated to 55 °C for 14 h. After cooling, the solution was diluted with Et 2 O and passed through a pad of silica gel.
The filtrate was concentrated without heating and used without further purification. A 50 mL round-bottom flask was dried and charged with S2 (112 mg, 0.34 mmol), S3 (103 mg, 0.17 mmol), and THF (20 mL). The flask was heated to 70 °C under argon for 10 h and then concentrated. The residue was dissolved in a minimal amount of C 6 H 6 and purified by flash chromatography on silica gel eluting with 10% Et 2 O/Pentane to collect a brown band (S3), and then 30% Et 2 O/Pentane to collect a green/tan band (7, 7 mg, 7% 
Synthesis of 9-d 2
Propargyl alcohol (4 mL, 67.7 mmol), K 2 CO 3 (2.8 g, 20.3 mmol), and D 2 O (12 mL, Aldrich 99.9%) were combined in a Biotage 20 mL microwave vial with a stir bar. Two other vials with the same reagents were prepared and all three were microwaved at 100 °C for 10 min using a Biotage Initiator microwave. The three vials were combined in a separatory funnel and NaCl was added. The aqueous layer was extracted with Et 2 O (3X) and the organic layers were combined, dried with Na 2 SO 4 , and carefully conc. to yield deuterated propargyl alcohol showing ca. 90% D incorporation. The same procedure was repeated to obtain deuterated propargyl S5 alcohol (7.06 g, 60%) with >96% incorporation after distillation under Ar. 1 H NMR (CDCl 3 , 300 MHz): δ 4.23 (s, 2H).
A 250 mL round-bottomed flask was dried and charged with LiAlH 4 (4.94 g, 130 mmol), and Et 2 O (150 mL) in a glovebox. The flask was capped with an addition funnel, removed from the box and cooled to 0 °C under Ar. Propargyl alcohol-d 2 (7.06 mL, 121.6 mmol) was dissolved in Et 2 O (28 mL) and added to the addition funnel. The alcohol solution was added dropwise to the LAH suspension at 0 °C over a period of 1 h after which the solution was allowed to warm to RT and stirred for 6 h. D 2 O (5 mL) was added slowly at 0 °C followed by a 15 wt% NaOH in cooled to 0 °C. MsCl (3.5 mL, 44.9 mmol) was added dropwise and the reaction was stirred at 0 °C for 1 h after which it was warmed to RT and stirred for 12 h. The reaction was quenched with H 2 O, and the aqueous layer was extracted with Et 2 O (3X). The organic layers were combined and stirred with sat. NaHCO 3 for 30 minutes after which the org. layer was separated, washed with brine, and dried with MgSO 4 , and conc. to yield mesylate-d 2 (1.5 g, 26%) which was used immediately without further purification.
A 100 mL round-bottomed flask was dried and charged with 60% NaH (0.48 g, 20.1 mmol) and THF (20 mL). Diethyl allyl malonate (3.2 mL, 15.9 mmol) was added dropwise and the solution was heated to 60 °C for 30 min. After cooling to RT, mesylate-d 2 (0.96 g, 6.9 mmol) was added slowly as solution in THF and the reaction was heated to 60 °C for 12 h. After cooling to RT, the reaction was quenched with sat. NH 4 Cl and the aq. layer was extracted with Et 2 O (2X). The organic layers were combined, dried over Na 2 SO 4 and conc. to give the crude product which was purified via flash chromatography on silica gel (5% EtOAc/Hexanes) to give 
S6

Synthesis of 13-d 8
A 100 mL round-bottomed flask was dried and charged with 60% NaH (0.92 g, 38 mmol) and THF (30 mL). Dimethyl malonate-d 6 5 (2.5 mL, 20.9 mmol) was added dropwise and the reaction was heated to 60 °C for 30 min. After cooling to RT, 1-chloro-2-methyl propene (2.27 mL, 23 mmol) was added dropwise and the reaction was again heated to 60 °C for 12 h. After cooling to RT, the reaction was quenched with sat. NH 4 The same alkylation procedure as above with the previous product (1.9 g, 9.8 mmol), mesylate-d 2 (1.5 g, 10.8 mmol), and 60% NaH (0.43 g, 17.9 mmol) yielded 13 -d 8 (1.62 g, 73% 
Typical Reaction Procedure.
The RCM of 9-d 2 and 13-d 8 /13-d 0 using the catalysts described were conducted using a For experiments where aliquots were taken during the course of the reaction, the entire operation could be performed on 12 reactions simultaneously in 1 or 2 mL vials by an Epoch software-based protocol as follows. To prepare catalyst stock solutions (1 mM), 20 mL glass scintillation vials were charged with catalyst (5 µmole) and diluted to 5 mL total volume in toluene. Catalyst solutions, 6 to 800 µL depending on desired final catalyst loading, were S7 transferred to reaction vials and solvent was removed via centrifugal evaporation. The catalysts were preheated to 50 °C using the LH45 unit, and stirring was started. Substrates (0.1 mmol), containing dodecane (0.025 mmol) as an internal standard, were dispensed simultaneously to 4 reactions at a time using one arm of the robot equipped with a 4-needle assembly. Immediately following substrate addition, toluene was added to reach the desired reaction molarity. The reaction vials were left open to the glovebox atmosphere during the course of the reaction.
After the 2 minutes required for completion of the transfer, 50 µL aliquots of each reaction were withdrawn using the other robot arm and dispensed to 1.2 mL septa-covered vials containing 5% v/v ethyl vinyl ether in toluene cooled to -20 o C in two 96-well plates. The needle was flushed and washed between dispenses to prevent transfer of the quenching solution into the reaction vials. 16 time points were sampled at preprogrammed intervals and the exact times were recorded by the Epoch protocol. All reactions were conducted in either duplicate or triplicate in order to ensure reproducibility.
Alternatively, reactions could also be performed on the bench as follows. In a glove box, 126 µL of a stock solution prepared from 9-d 2 (244 µL, 1 mmol), dodecane (23 µL, 0.1 mmol), and toluene (1 mL) was added to 2 (duplicate) or 3 (triplicate) 4 mL scintillation vials equipped with stir bars. Toluene (0.9 mL) was added and the vials were sealed with septa caps, removed from the box, and heated to 50 °C under a continuous flow of Ar. The desired amount of catalyst (depending on the loading) was injected as a solution in toluene after which 50 µL aliquots were removed over time and injected into chilled GC vials containing toluene and ca. 5% v/v ethyl vinyl ether. Reactions conducted on the bench showed identical behavior to those conducted using the Symyx TM robot. The best results were obtained from the following catalyst loadings:
1 -1000 ppm, 2, 3, 4, 5 -250 ppm, 6 -500 ppm, 7 -5000 ppm, 8 -1000 ppm.
Productive TON Determination
Samples for GC analysis were obtained by adding a 50 µL reaction aliquot to 1 mL of toluene containing ca. 5% v/v ethyl vinyl ether at either -10 °C (bench) or -30 °C (robot). Table S1 . Example for calculation of 9-d 2 conversions.
Nonproductive TON determination.
Aliquots taken as above were injected (0.75 µL) into an Agilent 6200 Series TOF LC/MS instrument using a direct-inject 100% MeCN method. Relative isotopologue counts were obtained from the positive ion spectra and showed good reproducibility when the same sample was injected multiple times.
A typical spreadsheet used to calculate the number of degenerate TONs is shown below (Table S2 ). Using the LCMS-TOF, the counts of 9-d 0 and 9-d 4 were determined and used to compute a conversion after subtracting the corresponding values for the stock solution (to account for any isotopologues already present, not shown in Table S2 ). Conversions that resulted in negative values were thrown out. The conversions to 9-d 0 and 9-d 4 were then each multiplied by 2 and summed together to obtain the total degenerate conversion. This factor of 2 helps account for the degenerate processes that generate the same isotopologue (e.g., 9-d 0 reacting with RuCH 2 to form 9-d 0 ). Finally, the degenerate TONs are calculated based on the catalyst loading and compared to the productive TONs which were calculated as above. The raw data also follows. Table S2 . Example for calculation of 9-d 2 degenerate TONs.
Reversibility of the RCM reaction.
Recent work by Piers and coworkers has shown that a sufficiently active metathesis catalyst may react with cyclic olefins (such as those typically generated as products of RCM) to form an alkylidene product. 6 In order to test for this possibility, the following experiments were performed. Loading (ppm) Well 9-d0 9-d2 9-d4 9-d4/9-d0 9-d0/9-d2 9-d4/9-d2 conv to 241 conv to 245 degen Degen TON % conv Prod TON L Ring-Opening Experiment.
In a nitrogen filled glovebox, an NMR tube was charged with 2 (3 mg, 0.004 mmol) and
d8-toluene (distilled from CaH 2 , 1 mL). The tube was capped with a rubber septum, removed from the glove box, and S5 (15 µL, 0.07 mmol) was injected via syringe. The tube was evacuated and backfilled with ethylene (x3) and placed in an oil bath preheated to 50 °C.
Monitoring the reaction via 1 H NMR spectroscopy revealed no detectable amount of S6.
Similarly, a 10 mL RB flask was dried and charged with 2 (3 mg, 0.004 mmol), and toluene (1 mL). Compound S5 (15 µL, 0.07 mmol) was added and the reaction was heated to 50 °C under a continuous flow of ethylene. Aliquots were removed periodically and quenched with ethyl vinyl ether before being subjected to analysis via mass spec. A very small amount of the ring-opened product (S7) was detected by high res mass spec ( Figure S5 ). S12 Figure S5 . Mass spectrum of S5 (top), S6 (middle), and reversibility experiment reaction aliquot (bottom). Figure S5 showing presence of ring-opened product S7. Furthermore, when the reaction of catalyst 2 with diethyl diallylmalonate was performed in the presence of S6, no significant increase in the amount of S7 was observed (relative to a control), which indicates that ring-opening followed by olefin termini exchange is not kinetically competitive with other degenerate metathesis pathways.
Figure S6. Regional blow up of bottom spectrum in
Based on the results of the above experiments, we conclude that although reversion of the RCM product is possible, it appears to occur relatively infrequently and with such a slow relative rate that it should not significantly impact our results or conclusions. 
